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THE EXCIMER LASER AND CORNEAL SCULPTING 
Michael J. Fuchs 
Abstract: 
Ultraviolet excimer lasers provide new technology in the correction 
of ametropias and corneal irregularities. The ultraviolet range laser 
uses excited dimers to remove or ablate tissue. Procedures that 
correct myopia, hyperopia and astigmatism are termed 
photorefractive keratectomy (PRK) and those used to treat corneal 
irregularities and opacities are called phototherapeutic keratectomy 
(PTK). The ablative process is highly precise and the surrounding 
tissue sustains m1mmum thermal damage. Epithelial healing is 
usually clinically complete within a few days and a slight stromal 
haze is present for several months. The excimer laser delivery 
system with its computerized instruments offers practitioners a vital 
new tool to treat their patients. 
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The Excimer Laser and Corneal Sculpting 
INTRODUCTION 
The advent of lasers and computer assisted technology 
requires that the eye care professional remain current on the latest 
procedures to better care for their patients. One area of interest in 
both the professional and public sector is corneal sculpting for both 
refractive error corrections and treatment of degenerative diseases. 
Previously steel and gemstone knives have been utilized for these 
treatments, presently more then five types of lasers are proposed for 
corneal surgery .1 ,2 The excimer laser is one of the current 
instruments under such investigation. 
The cornea IS a highly complex tissue. It requires an 
irregularity-free optical surface with strong stroma and 
biomechanical support.l Intervention in the cornea can reduce the 
transparency and mechanical integrity, and interfere with 
innervation.L2 In ocular procedures the benefits and results must 
outweigh the costs and any side effects of the procedure.3 The 
technique must be accurate, adjustable, predictable, and have long-
term stability) 
The excimer laser discussed in this article is in the ultraviolet 
invisible range of the electromagnetic spectrum with wavelengths 
between 100 and 300 nm.2.4 This laser beam is a combination of an 
excited rare gas atom (such as krypton or argon) and a diatomic 
halogen molecule (such as chlorine or fluorine). The term excimer 1s a 
contraction of the "excited dimer" that produces the laser beam. The 
wavelength for the argon fluoride (ArF) laser is 193 nm.2 The type 
1 
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of combination used in the laser resonance cavity dictates the 
wavelength of light that the resonance cavity will produce.2 
Ultraviolet excimer lasers were initially used to etch plastic and 
computer chips. They provide a high degree of accuracy with little 
affect on the surrounding unirradiated areas.4 The excimer beam 
uses these excited photons to remove material. This type of radiation 
IS being investigated for corneal photoablation namely 
photorefracti ve keratectomy (PRK) and phototherapeutic 
keratectomy (PTK).2.5 
Photoablation is the term used to describe the effect of the high 
energy produced by the excimer laser in the targeted area. The 
excited photon of energy leaving the laser resonating cavity is 
directed upon specific areas.2 The energy is absorbed and released m 
a "microexplosion" as the cell is lysed and particles are expelled at 
supersomc speeds.2 The exact mechanism is unclear but most 
theories support the ablative effects of the ultraviolet radiation.l The 
resulting incision is a gradually contoured surface that promotes a 
less opaque scar. 6 
PRK is the procedure m which the excision changes the radius 
of curvature of the anterior corneal surface. It is used for the 
correction of refractive errors. PRK is used in myopia to flatten the 
central corneal topography. In hyperopia there is a steeping of the 
central corneal curvature. For astigmatism there IS a flattening of the 
steepest meridian of the corneal surface.2 
2 
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PTK is used to treat corneal degenerations, opacities, scar tissue 
or other pathological conditions that when removed would improve 
the patient's vision or welfare. This includes anterior stromal scars 
and superficial scarring secondary to infections and trauma. 7 • 8,9 The 
exc1mer laser can also be used on inactive herpes simplex virus scars, 
anterior corneal dystrophies, recurrent erosions, granular dystrophy, 
and band keratopathy.9 PTK has also been investigated for 
treatment in ablating infectious microbiological organisms and 
keratitis. 7 .8.9 
Terms such as ablative photodecompensation, corneal 
reprofiling, corneal etching, surface area ablation, laser 
keratomileusis or carving or chiseling are used to describe various 
effects of the exc1mer laser on corneal tissue.2 
3 
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HISTORY OF REFRACTIVE SURGERY 
Conventional Instruments 
The history of refractive corneal surgery dates back to the late 
1940's with the work done by Barraquer.l.IO,ll He sparked interest 
m reducing myopia by reshaping a frozen corneal graft 
(keratomileusis). The search for a correction to ametropia for the 
approximately 143 million Americans that wear glasses or contact 
lenses continues) 
In 1953 a Japanese physician, Tutomo Sato, introduced the idea 
that corneal incisions and normal wound healing could alter a 
patient's refractive error.ll,l2 Sato used both anterior and posterior 
corneal incisions with as many as 32 per eye. The results were 
unsatisfactory for most patients. This is the first clinical description 
of radial keratotomy (RK). A paper published as early as 1869 by H. 
Snellen (Snellen chart) describes a procedure in which incisions in 
the cornea correct astigmatism. Clinical utilization began in Russia by 
Fyodorov and colleagues in the early 1980's.ll Their RK procedure 
excited clinicians and lay people alike. By the mid 1980's over 
100,000 RK procedures had been performed in the United States.12 
In 1990 G .0. Waring III and colleagues published a follow up 
article on the Perspective Evalua6on of Radial Keratotomy (PERK) 
study. 11 The study investigated the RK procedure and its safety, 
effectivity, predictability and stability. 390 eyes were involved in 
the study. The study indicated that RK was effective at reducing 
myopia, but that the procedure lacked predictability and stability . 
4 
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One-third of the patients required a prescription to obtain 20/20 
vision and there were concerns about fluctuation of visual and 
refractive acuity, glare and monocular diplopia. This study raised 
questions about the efficacy of the procedure. I 3 
The benefits of RK have to outweigh the risk and cost 
associated with the procedure.ll The cornea prior to the RK 
procedure was free from disease and stromal compromise and 
innervation was unhampered. Additionally the limit for refractive 
correction was 7-8 diopters of myopia. I 4 
Instruments for corneal surgery utilized steel and then 
gemstone blades. These types of instruments have several 
disadvantages.1.6 Both cutting and shearing actions take place when 
using a knife, and enormous pressure and compression occur at the 
leading edge, beneath the point and at right angles to the knife edge. 
These compressional and crushing factors spread the stromal lamella 
causing distortion and irregularity .1 The stromal defect is then filled 
m with an epithelial plug with limited structural differences between 
it and surrounding cornea. 6 
The steel knife Is 1.5um m width and the edge is soft and has 
blemishes. The surface blemishes cause it to drag or pull tissue.l 
There is need to use counter traction or a fixator when cutting with a 
steel knife to prevent tissue from distorting. I 5 
The gemstone knife or diamond knife is 0.1 urn in width. It is 
smooth and extremely hard and its incision is narrower and causes 
less biomechanical damage compared to the steel knife.l The 
gemstone knives cause damage to surrounding corneal tissue up to 
10 um away from the incision.15. 16 
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The diamond knife incision is more closely appositioned as 
compared to the "V" shaped incision caused by the metal knife. The 
metal knife InCISion also has more gapmg and irregular borders.l5 
Both knifes deposit epithelial cells within the wound. This can 
facilitate wound healing through epithelial cell migration, but can 
also deposit extracellular debris within the stroma. Cell damage is 
spread to four or five cells away from the cut edges with both 
techniques.l 
History of Laser Use 
The argon flouride (ArF) excimer laser can remove tissue in .1-
.15 urn increments without surrounding tissue damage. The UV 
radiation at 193 nm IS absorbed within .2-1um of excision and this 
limits lower stromal damage.2 In the 248-nm beam 3-5 urn of 
stroma are affected through before absorption is complete. I 7 
In order to make a linear excision with an excimer laser a 
template such as a slit or mask is required to narrow the beam.2 
With conventional templates an excision is 10 - 15 urns wide or 2.5 X 
the average metal or gemstone incision.17 The excision also has a 
rectangular shape which causes a wider gap at the bottom of the 
excisiOn compared to the tapered incision of the conventional 
knives.15,16 For RK purposes this wider gap is less desirable then the 
tapered knife cut. Damage is limited to the dimensions of a single 
surface cell on the border of the excision.15 Theoretically PRK can be 
used to correct up to 20.00 diopters of myopia. I 7 
As the technology used in amplified light sources and lasers 
has increased so has their use in clinical eye-care. I. 10 ,18 Intervention 
6 
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m ocular pathologies using light sources began in the 1950's when 
Zeiss produced the xenon-arc photocoagulator. In 1956 the first 
iridectomies were done using a Zeiss light xenon-arc devices. In 
1963 the ruby laser was devised and in 1968 was used for diabetic 
retinopathy intervention. The 1960's also brought the argon blue-
green lasers. In 1971 the frequency doubled neodynium:yitrium-
aluminum-garnet (Nd Yag) was introduced. In 1972 the krypton and 
the carbon dioxide and neodynium:yitrium-aluminum-garnet 
(Nd:YAG) lasers were used in the eye care profession. By 1979 the 
pulsed dye laser and in 1981 the CW laser of variable wavelengths 
were being introduced. By 1983 the erbium YLF lasers were being 
implemented for eye care. And m 1985 the excimer laser was first 
used on sighted human eyes. In 1988 diode lasers were being 
examined for choroidal coagulation.! 0 
The excimer laser, was developed m 1975. It was used initially 
to etch silicones and other polymers and researched for 
manufacturing microcircuits. In 1981 Reed and coworkers published 
an article describing corneal sensitivity to 248 nm wavelength 
radiation produced by the krypton fluoride excimer laser. 2 
The first investigative corneal surgeries were conducted by 
Srinivasan of the IBM Research Center in Yorktown, New York, and 
Trokel of the Columbia University in New York. Their 1983 
publication on the use of far ultraviolet energy lasers was the 
beginning of the era for using the excimer laser as a tool to change 
front surface curvature of the cornea.2 
Other lasers are being investigated for use m corneal sculpting. 
One of these an infrared laser with wavelengths 2.9 to 3.0 urn, may 
7 
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also be beneficial for corneal sculpting. Infrared lasers remove 
tissue by rapid localized thermal vaporization and can induce a 
contour change. The excimer laser has more complex optical 
systems, larger size and requires large cavities and supplies of toxic 
gas than the infrared lasers. The advantages of the excimer laser 
over the infrared laser are that it causes less thermal damage to 
surrounding tissue and the ablation rates for the energy settings are 
less variable. 6 
Lasers potentially useful for Keratectomy2 
Las~r wavelength (nm} Pulse DuratiQn (nsec) Pen~tration depth(um ) 
Excimer (ArF) 193 10 2 
Excimer (KrF) 248 10 10 
Excimer (XeCI) 308 10 300 
Nd:Y AG (5th Harm.) 212 20 2 
Raman shifted YAG 2800 10 1.5 
HF 2870-2910 50 1.5 
Er:YAG 
non-Q-switched 2940 200,000 1.5 
Q-switched 100 1.5 
C021EA 10,600 Variable 30 
The ultraviolet lasers are supenor for most forms of ablation. 
Only the ultraviolet lasers presently have reached a stage of 
development that allows for precise and reproducible corneal 
sculpting. The remainder of this paper will focus upon the exc1mer 
laser with emphasis on the ArF excimer laser wavelength 193 nm. 6 
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THEORY 
Laser (Light Amplification Stimulated Emission Radiation) light 
has various effects upon tissue depending on the power, wavelength, 
intensity, and duration of the beam. 
Laser energy is produced by exciting an atom's electrons in the 
ground level inner orbital (Eo) to an excited energy level in the 
higher energy outer orbital (EI). This is accomplished by stimulating 
enough electrons so that there are more electrons in E1 then Eo, this 
is referred to as population inversion. E 1 is a less stable orbit and 
spontaneous decay results. In stimulated emission as in lasers the 
atoms radiate their energy in phase. The energy of the photon is 
equal to the highest level minus lower level of energy for the 
electron (hv=Eh-EI).lO Once the electron undergoes decay it enters 
the metastable energy level Em . A photon or wavelet of surplus 
energy 1s released as the electron returns to its stable ground energy 
state.2· 10 
In the laser the em1sswn of photons is stimulated by external 
energy sources such as electrical or optical energy, or photons that 
have previously been excited. These atoms radiate their photons 
(waves) in phase with each other (coherence) and the waves grouped 
together produce the laser beam. In order for the stimulated 
em1sswn to begin, energy is needed. The energy can be in the form 
of an electrical discharge, optically (flash lamp), or with another laser 
with peak emission corresponding with the absorption band of the 
desired laser. The emitted beam wavelength is specific for the 
9 
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medium used in the laser resonating cavity. This medium can also be 
a liquid, solid or gas. Gases used can be Ar, Kr, He, and Ne. 2 
The feedback mechanism in the resonance cavity can be a high 
reflectance mirror, output coupler, or variable absorber. The 
resonance cavity is a cylinder with the laser material inside with 
one mirror at one end and a partially transmitting mirror at the 
other. As photons are reflected back and forth a build up of excitory 
photons within the cavity occurs and the beam is emitted through 
the partially transmitting mirror side. The directionality (collimation) 
of the laser light makes it useful due to the small divergence of laser 
light. The beam usually spreads 1 mm for every meter in distance.2 
In the excimer the diatomic molecule of a rare gas or halide is 
linked or bound only in the excited state. In the ground state the 
two component atoms are normally mutually repulsive to each other. 
In order to drive these two elements to an excited state an electrical 
discharge can be used; as the two elements dissociate again the 
energy m the form of a wavelength of light 1s giVen off. A direct 
relationship exists between the gases and halides used and the 
specific wavelength produced as follows: 
Gases: Ar, Argon; F, Flourine; Kr, Krypton; Cl, Chlorine; X, XenonlO 
Gas Wavelength (nm) 
ArF 193 
KrCl 222 
KrF 249 
XeCl 308 
XeF 351 
Laser light 1s emitted m either a continuous wave (CW) or 
pulses. In the CW there is a constant pumping of the laser medium 
1 0 
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and a steady and constant emission of laser light produced (i.e. argon 
laser). Pulsed lasers have pulsed excitatory pumps and the emission 
is in pulses. The pulsed laser is 1 thousand to 1 million times more 
powerful then the CW lasers. Pulsed lasers are more common in 
refractive surgery because of the amount of energy needed to 
remove tissue. Another way of producing a pulsed beam is with an 
opaque shutter that increases the resonance of the beam within the 
cavity and thus increases the energy.18 This is called Q switching 
and is not used with excimer lasers.2 A CW laser will produce 200-
1500 milliwatts m .2 seconds while an argon pulsed laser will 
develop 25 watts of power in 128 microseconds. 1 8 
The brightness of the beam is an expression of its energy. The 
radiant energy is measured in joules. Power is equal to energy/time. 
The watt is equal to a joule/second.2 The radiant power (irradiance 
or power density) is measured in watts/cm2.2,10 Absorbed energy 
fluence or radiant exposure is measured in joules/cm2(mJ/cm2). 2 
The mode structure is how the energy is distributed within a 
beam. The beam energy can be measured longitudinally 
(lengthwise) or transversely (axial). When more power is in the 
center of the beam the mode is considered TEMoo or transverse 
electromagnetic mode. If more power is to the outside it is 
considered TEM 1 o .2 The more homogeneous the beam IS from 
outside to inside the more uniform and smooth the beam's 
interaction with the surface will be. This arrangement is referred to 
as the "top hat" or Gauessian distribution of the energy within a 
beam and is important in determining if there will be "hot" spots or 
1 1 
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"cold" spots within a beam. Hot or cold spots can lead to an 
irregularly ablated surface.2 , 10 
Selective Absorptivity 
A single wavelength of light (monochromaticity) is produced to 
selectively target chromophores or other wavelength-specific 
absorbing molecules. Light has both wave-like and particle-like 
properties.2 The wave-like properties of light explain the refraction 
and interference phenomena and the particle-like properties explain 
the acquisition and release of energy .2, 10 
The graph below illustrates the frequency m cycles per second 
of the electromagnetic radiation spectrum. I 9 
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Cosmic rays · :··.~..,.- -:""t."'~ i 
[. .,;.,=· ·_:~ Gamma rays x .. rays . .":- .. 
- ' Hard Soft -• 
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Fig. 13·1. Spectrum of e!ccrromagnetic radiation. (From Illuminating Engineering Society: IES lighting 
handbook, ed. 4, New Yorlc. 1966. The Society.) 
The retina has long been a target for laser procedures. It 
contains five pigments or absorbing molecules: melanin, hemoglobin, 
xanthophyll, rhodopsin , cone photopigments and lipofusc in . 
Depending on the target tissue chromophores a laser with specific 
wavelength will alter the tissue.2 0 
1 2 
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The same characteristics of the wavelength specific absorptive 
molecules that apply to retina biomolecules also apply to the cornea. 
Biomolecule and Absorbant Wavelength2,20 
BiQmQl~~ule Ab~orbant wavelength(nm} LocatiQn Radiation 
Protein 190,248 Stroma Ultraviolet 
Glycosaminio gl ycans 190 Stroma uv 
Collagen 240 Stroma uv 
Nucleic Acids 248 Epithelium uv 
Ascorbic Acid 250 Epi theli urn uv 
Water 2900 Stroma Infrared 
1000 
Lasers used now with specific wavelengths and target tissue. 
Hemoglobin 514.5 Retina Green Argon 
Melanin 
Oxyhemoglobin 
Pigment epithelium 
Crystalline lens 
Hemoglobin 
Melanin 
Oxyhemoglobin 
Pigment epithelium 
Vitreous 
Xanthophyll pigment 
488 
85% Choroid 64 7 .1 
15% Retinal pigment epithelium 
Retina Blue Argon 
Choroid Red Krypton 
The excimer laser with an ArF medium and wavelength of 193 
nm will be specific for protein and glycosaminioglycans of the 
cornea. 2 The KrF at 248 nm is specific for nucleic acids and is not 
used for corneal procedures due to the mutagenic possibilities .2,10 It 
must be realized that peak cataractogenic reaction is at 305 nm and 
DNA absorption is at 280 nm.2 
Photothermal effects are produced when tissue absorbs the 
energy and molecular vibrations occur. The vibrations break weaker 
bonds such as hydrogen bonds and cause protein denaturation. This 
effect can be used to cause photocoagulation and photovaporization.2 
1 3 
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Tissue temperature needs to be raised only I oo to 20o to 
photocoagulate. Lasers in common use for photocoagulation of the 
retina and choroid are the argon and krypton lasers. Multiple 
wavelengths between 488 nm to I ,064 nm have been used. Power, 
duration of exposure, and size of spot must be set to limit 
surrounding tissue damage. 8 
Photovaporization occurs when tissue IS removed. High 
radiant densities produced by lasers causes the tissue to rapidly 
reach the boiling point of water and both photocoagulation and 
excision occur as m keratectomy. Photovaporization IS the 
mechanism caused by infrared lasers, such as HF and C02. As the 
irradiances increase so does the amount of tissue removed and the 
photocoagulation effect is lessened. In this sense a C02 laser can 
ablate more tissue with less thermal damage then a CW laser.2 In 
addition, in the HF and C02 the energy per photon is less than needed 
to break chemical bonds and the laser light is more likely to be 
absorbed by water which mcreases the thermal effect. 2, 10 
Photodisruption occurs when very high irradiances are used to 
ionize tissues. Pulse durations are less then 20 nsec. The high 
irradiances of energy tears the electrons in the tissue from their 
atomic orbitals and disintegrates the tissue into a gaseous collection 
of ions and electrons termed plasma.2 The temperature of the tissue 
can reach higher then 10,000° C which produces a microexplosion 
followed by a mechanical shock wave. This occurs when the Nd:YAG 
laser is used for lens capsulotomies.2 l 
Photochemical effects occur with low to moderate radiant 
exposures and at shorter wavelengths. The radiation produces free 
1 4 
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radicals or singlet oxygen. The three types of photochemical effects 
are photoradiation, phototherapy, and photoablation. 
Photoradiation (PRT) or photodynamic effect is used to destroy 
tumor cells. Photoradiation therapy consists of usmg a 
hematoprophyrin derivative or photosensitizing drug that 1s taken 
up by active tumor cells. Then by using laser radiation (such as a dye 
laser) the porphyrin molecule is stimulated to a excited state causing 
chemical reactions and cell death. This technique has been used 
successfully in the treatment of choroidal tumors.l 0,18 
The second type of photochemical effect is phototherapy or 
biostimulation. This technique uses low level red light produced by a 
HeNe laser. Phototherapy causes the fibroblasts, endothelial cells, and 
collagen to proliferate and enhances wound healing.2 1 
Photoablation or photodecomposition IS the third type of 
photochemical effect. There are two prominent theories on how the 
excimer laser interacts with corneal tissue causing this effect.L2,4 
One theory is that there is an ultrafast thermal reaction, a photon-
phonon reaction. This is believed to occur because of the shallow 
absorption depth of UV light. 4. 10 The second theory is the 
photoablative or photon induced molecular decomposition method. 
This is related to the photon energy of 6.4 eV and its ability to 
displace valence electrons. This is the more accepted theory although 
it is believed to contain some principles of the first theory.4.22,23 
Corneal tissues are opaque and absorb more energy from the 
shorter wavelengths (less 300 nm). Shorter wavelengths such as 
ultraviolet also have higher photon energies and less penetrating 
potential.2 These conditions allow the UV lasers to perform a more 
1 5 
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purely photochemical rather than photothermal effect.15 These 
excited photons interact with the surface of the cornea. The 
extremely high photon energy causes the intermolecular bonds 
(carbon-carbon or carbon-nitrogen bonds) to break apart. This 
disruption leads to a breakdown of the cell and the consequent 
microexplosion.4, 15,22,23 The subatomic particles leave the surface at 
supersomc speeds of 1000 to 3000 m/sec resulting in ablation.2, 10 
The speed and intensity of the interaction and subsequent ejection 
leaves little thermal damage. Any heat produced IS dissipated 
rapidly into the high water content in the cornea.2 
The properties of corneal tissue influenced by wavelength 
consist of transmission, absorption, scattering, and reflection.2 
Transmission of the electromagnetic spectrum through the human 
cornea occurs between the wavelengths of 300 to 1600 nm.2' 10 
Absorption occurs when the laser is blocked by the absorptive 
molecules of the corneal tissues.18 Light can be scattered or 
dispersed and this can lead to increased thermal damage and other 
unwanted side effects. Scattering is wavelength specific and is 
inversely proportional to the wavelength of light. The shorter 
wavelengths (blue) are scattered more then longer (red). Reflection 
or bending light backwards is also possible but is less common with 
laser light.2 
The cornea absorbs electromagnetic wavelengths below 300 
nm and above 1600 nm . The ArF excimer laser produces 193 nm 
wavelength emissions, the cornea is opaque to this wavelength and 
the desired effect of ablation is produced. 
1 6 
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The graph illustrates the transmittance of the cornea . 
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Fig. 3-13. Transmittance of cornea. Difference between total and direct transmittance is scattered light. (From 
Boettner, E.A., and Wolter. J.R.: Invest. Ophthalmol. 1:776, 1962.) 
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The following chart shows common eye care lasers and their 
position in the electromagnetic spectrum. I 0 
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Fig. 4-2. Frequency of the near infrared, visible, and ultraviolet portions of the electro-
magnetic spectrum with various lasers and their representative wavelengths indicated 
in each of these regions. 
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ANATOMY OF THE CORNEA 
An understanding of the normal corneal anatomy and 
physiology is necessary to evaluate the effects of a procedure on the 
tissue basis. This tissue is transparent and smooth and is the first 
and most powerful refracting surface of the human eye. Corneal 
shape can be a contributing factor when an ametropia is present.l9,24 
The cornea accounts for 43.0 D of the refraction of the human 
eye or about 70% of the total power. The curvature of the cornea at 
the anterior surface is 7.8 mm and can range from 7.0 mm to 8.5 mm 
without interfering with adequate visual function.19 The anterior 
surface IS spherical and steeper in the central 3-4 mm with the 
peripheral portions being gradually flatter in curvature. The 
posterior surface of the cornea has a radius of curvature of 7 
mm.19,24 
The front of the cornea is elliptical when viewed from center 
and anteriorly.24 The horizontal meridian is 12 mm and the vertical 
is 11 mm.19 • 24 The posterior view is equal in both vertical and 
horizontal meridians due to lack of conjunctiva and sclera 
overlapping the cornea from above and below as is the case 
anteriorly .24 
The thickness of the average human cornea centrally is .56 mm 
when under 25 years of age. It thickens with age and approaches .57 
mm thick for individuals over 65 years of age. The edge thickness is 
1mm. 19 
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The layers of the cornea consist of; epithelium, Bowman's layer 
or membrane, substantia propria or stroma, Descemet's membrane, 
and endothelium. I 9 
The stratified squamous epithelium is five or six cell layers 
thick (50 to 100 urn). The deepest cell layer, the basal cell layer, is 
located on Bowman's membrane. The basal cell layer is the germinal 
layer and some cells show mitosis. The new cells are pushed up into 
the next layer _which is the umbrella or wing cell layer. These cells 
are polyhedral and have an oval nucleus. The next two or three 
layers of the squamous cell layer are also polyhedral cells with the 
most superficial layer being flattened. The cells do not loose their 
nuclei and are not keratinized.24 A few leucocytes can also be found 
between the basal cells and Bowman's membrane. Normal healing of 
epithelial defects is accomplished m 24 to 48 hours. In deeper 
wounds the healing can take weeks. 19 
Desmosomes connect the superficial cells and hemidesmosomes 
connect the basal cells to the basement membrane. On the superficial 
side of the epithelial cells are finger like projections known as 
microvilli. At the tips of the microvilli are "glycocalycal processes". 
The microvilli act as tear traps to stabilize the tear film keeping the 
surface from drying.I 9 
Bowman's layer or anterior limiting membrane is 12 urn thick 
and transparent. Bowman's layer is acellular and found only in 
primates. It plays a role in the plasticity of the cornea and is made 
up of collagenous material. It does not regenerate after it is 
destroyed.2 4 
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The substantia propria or stroma comprises 90% of the corneal 
tissue and is composed of layers of lamellae. Each lamellae runs the 
full length of the cornea. The lamellae may interlace and are parallel 
to the corneal surface. The layers of lamellae form a loose 
arrangement which helps m explaining the biomechanical forces that 
give the stroma structure and rigidity. Collagen fibrils bundled 
together make up the lamellae. I 9 
The various types of collagen and their formation m stable 
tissue are as follows:2 5 
Type I 
Type II 
Type III 
Type IV 
Type V 
Type VI 
The basic structural fibrils found m the lamellar 
matrix and in Bowmans layer. 
Not found in human corneas. 
Small reticular fibrils found m the fetal stages of 
cornea development and in scar formation. 
Collagen m basement membranes laid down m a 
honeycomb reticular pattern. 
Makes up part of Bowmans layer and lamellar 
matrix 
Found interspersed m proteoglycan (ground) 
substance. 
Type VII Collagen anchoring fibrils. 
Glycosaminoglycans (GAG, mucopolysaccarides) along with the 
collagen make up a portion of the dry weight of stroma. The GAG are 
sub-divided into keratan sulfate, chondroitin, and chondroitin sulfate 
A. The cornea is the only tissue with chondroitin in it. If GAG builds 
up in the corneal stroma haziness can result. I 9 
Descement's membrane is 10 urn thick and 1s believed to be a 
secretion of endothelial cells. It consists of type IV collagen.19,24 
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The endothelium is the final layer of cells in the cornea. It is a 
single layer thick and does not regenerate. As a cell is damaged or 
dies other cells spread out to take its place. Trauma, surgery, or 
inflammation increase cell size and decrease cell density. Humans 
and frogs share the complex interweaving of the lateral margins of 
the endothelial cells.19 
The cornea has dense innervation. The ciliary nerves supply 
the cornea with end-branches of the ophthalmic division of the fifth 
cranial nerve. The nerves transverse the cornea and the free nerve 
endings enter Bowman's membrane to form networks underneath 
the epithelium and within the epithelium. The cornea 1s one of the 
most sensitive tissues of the body due to its vast amount of 
innervation.19 
Corneal healing 
The cornea's ability to heal is essential for corneal sculpting. 
The healing process depends on many factors such as: location of the 
wound, size, layer of cornea involved, sutures used, associated 
bacterial, viral or fungal infections, and types of drugs 
administered.! 9 
The corneal healing process combines various tissue and cytological 
responses. Any accidental or surgical injury can result in increased 
hydration and loss of corneal transparency. The healing response 
consists of limited stromal edema, epithelial cell mitosis and sliding, 
polymorphonuclear and monocytic migration, appearance of new 
fibroblasts and mitosis, formation of precollagen and then the 
formation of collagen. This response can vary with the intensity and 
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duration of damage.l9 The cornea also is the only tissue to have 
avascular healing or scarring.2 6 
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EXCIMER LASER INSTRUMENTATION 
The ArF exc1mer laser unit consist of an argon fluoride laser, 
beam delivery system, laser subsystem, optical subsystem, alignment 
subsystem, measurement subsystem, and control subsystem. A 
multitude of lenses, mirrors, masks, homogenizers, motors and 
computers are used. All instrumentation needs to be accurate and 
stable to withstand the impact from the excimer laser beam. The 
distance the beam travels can be lengthy and the beam must be 
modulated and shaped for accurate ablations. 2,27 
There are numerous makers of excimer lasers around the 
world. Summit Technology Inc. makes the ExciMed UV 2000 ArF. 
Questek, Inc. also produces an ArF Excimer. The 20/20 Excimer Laser 
System by VISX, Inc. is another 193 nm excimer laser. Another 
variation to the 193 nm excimer is the Lambda Physik Model EM 102 
Excimer by Coherent Medical, Inc. Palo Alto, CA. The last excimer, as 
some others, can be filled with different media and depending on the 
media used can produce 193, 248, 308, and 351 nm light. Also IBM, 
General Electric, Taunton Technologies, and various European and 
Soviet researchers are using differing versions.2 Presently only two 
companies VISX and Summit Technologies are participating in the 
FDA investigation for corneal sculpting.2 7 
The excimer laser uses software that controls automatic gam 
compensations, automatic gas replenishing, and other assorted 
components. Constant monitoring of temperature, coolant flow, gas 
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pressure, hardware status and microprocessor occurs. A diagram of 
the setup follows.l 0 
To alignment/ 
measurement 
11 subsystems 
10 12 13 14 
To beam 
monitor 
7 15 
8 
V 15 mm 
9 © 
16 
6 
II 
1 I 
2 
Fig. 23-6. Diagrammatic representation of the optical design of the overall excimer laser 
instrument including anamorphic prisms, a beam homogenizing system, aperture wheels, 
and a beam monitoring device . 1, Laser enclosure window; 2, lower shutter; 3, pair of 
mirrors; 4, beam scraper; 5, anamorphic prisms; 6, image rotator/beam homogenizer; 7, 
myopia wheel; 8, astigmatism wheel; 9, hyperopia wheel; 10, mirror; 11, safety shutter; 
12, zoom lenses; 13, nitrogen enclosure window; 14, ultraviolet mirror /beam splitter; 15, 
upper shutter; 16, cornea of patient's eye. (Copyright© Taunton Technologies, Inc.) 
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Optical Substation 
The excimer laser uses a variety of lenses and prisms to 
smooth out the Gaussian beam configuration. In order for a smooth 
surface to be produced, the beam configuration needs to be as 
equally distributed on all the points of impact as possible.2 
The next main component of the optical system is the delivery 
system. This can include diaphragms, apertures, masks, or rotating 
slits. In the aperture delivery system a set of three aperture wheels 
defines the area of ablation. The three wheels are used for the 
correction of myopia, hyperopia, or astigmatism. The two apertures 
not in use are left in the open position and the beam passes 
undeviated through them. The one in use is turned in cycle by a 
stepper motor and the computer instructs the motor and the laser in 
the number of pulses and aperture used.2,10,27 This has all been 
predetermined by a "recipe" entered into the computer based on the 
amount and area of tissue to be removed.27,28 
The myopia wheel begins with the smallest aperture and as the 
aperture rotates more of the tissue first centrally then peripherally 
is removed. Each ensuing aperture around the wheel increases the 
area ablated and thus flattens the anterior corneal surface. 
The hyperopic wheel works by allowing more UV light to pass 
through to the periphery of the cornea and less centrally, thus 
steepening the center curvature. 
In the astigmatic wheel the axis of greater cylinder power is 
aligned and ablation starts. As the wheel's apertures rotate more 
tissue is removed from the center of the axis and the diameter of 
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ablation increases. The cornea IS flattened m the meridian 
perpendicular to the long axis of the slit. This Is termed the 
mechanical axis. The three figures that follow illustrate the wheels 
and their ablation technique) 0,11,29 
A 
A 
Oversized 
Optical axis 
of eye 
I 
Initial 
,..---- surface 
(R,) 
.fig. 23-10. Diagrammatic representation of the myopia aperture wheel (A) , which re-
moves more of the central cornea than the peripheral cornea (B) in order to flatten the 
corneal curvature by a series of stepwise enlargements of the beam impacting on the 
cornea. The length of time that the aperture opening remains at each of these stations 
is controlled by a computer whose "recipe" can change for various myopic corrections. 
(Copyright~ Taunton Technologies, Inc.) 
Oversized 
Optical axis 
of eye 
I 
surface 
Initial 
__..,. surface 
~ (R,) 
cornea 
Fig. 23-11. Diagram of the hyperopia aperture wheel constructed so that progressively 
enlarging annuli (A) remove a greater amount of peripheral corneal tissue than central 
corneal tissue to steepen the curvature of the cornea (B) in order to correct the hyperopic 
refractive condition. (Copyright CliJ Taunton Technologies, Inc. ) 
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Aperture wheels continued. 
position 
Fig. 23-12. The astigmatism aperture wheel incorporating a series of enlarging rectangles 
(A) that can be aligned and rotated to coindde with the axis of the astigmatism CBJ . The 
astigmatism is reduced in a manner similar to the ablation of the cornea created with the 
myopic correction profile . (Copyright ©Taunton Technologies, Inc.) 
The wheel is one way of defining the aperture area that is to be 
ablated. Another way of controlling the area affected is with the use 
of a mask. The UV -absorbing erodible mask is ablated until the 
beam breaks though it. Once through the mask the UV can ablate the 
tissue below that was blocked by the mask. The figures that follow 
on the next page demonstrate that technique.2 8 
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Mask Delivery System 
Fig 4.-Exdmer laser photorefractiue keratectomy through 
the mask delivery system. The eye cup is placed on the eye. 
(Courtesy of Geluin JB: JAm Optom Assoc 1990; 
61:842-847.) 
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Fig 5.-The mask delivery system determines the amount 
of laser energy to the cornea by erodible masks. The thinner 
the mask in a given area, the more laser energy and resultant 
ablation to the corresponding area on the cornea. (Courtesy 
of Gelvin JB: JAm Optom Assoc "1990; 61:842-847.) 
For phototherapeutic keratectomy (PTK) a combination of 
myopic and hyperopic wheels can be used to leave the corneal tissue 
curvature unchanged. This is termed a combination cut. The surface 
stroma is removed but refractive error is unchanged.9 
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The next device is the collimating lens for the beam. This 
ensures that a diverging beam falls on the cornea. Next the beam-
splitter ensures that the eye receives most of the ultraviolet 
radiation (95%). The remaining (5%) is used to monitor the intensity 
and quality of the beam.l 0 A spectral response probe is also used to 
quantify and qualify the radiation.22 Before any tissue is ablated the 
laser is calibrated using a polymethylmethacrylate (PMMA) button to 
determine if there are any hot or cold spots.2 9 
Alignment SubSystem 
The alignment subsystem is used to to locate the area to which 
the UV light is to be delivered. A clinician vtews a cross hair reticle 
through a binocular scope aligned with the front of the eye to be 
ablated. The eye is viewed throughout the procedure to ensure 
accuracy. The figure on page 31 illustrates the alignment 
instrumentation. I 0 
Measurement Subsystem 
Corneal topography must be assessed accurately to ensure 
proper ablation depths and uniformity. A digital keratoscope is used 
to provide quick accurate measurements before and after ablation. 
A dome of light emitting diodes (LED's) is emitted with visible red 
lights. The cornea is placed coaxial to this array and the image is 
sent to a video camera. The image is analyzed for optical power 
distribution. The instrument is self calibrated and is repeatable to 
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.15 diopters. It is also accurate to within .5 diopters over a 7 mm 
area of cornea. I 0 
Control Subsystem 
The control subsystem contains all the electrical and 
electromechanical instruments that are needed for the control and 
operation of the excimer laser. This consists of the main console with 
the excimer laser and a separated operator's console. These 
components encase the circuit cards, computer, and associated 
peripherals.l 0 
T 0 keratoscope 
To 
physician's eye 
from UV 
optics 
To beam 
monitor 
A 
2 
UV 4-7 mm 
Visual15 mm Section AA' 
Fig. 23-13. Diagrammatic representation of the alignment microscope that tracks and 
monitors the corneal photoablation process while part of the beam tr.avels t? the kera-
toscope television monitor. 1, Patient's eye; 2, upper shutter; 3, ~ltrav~olet mrrror/bea~ 
splitter; 4, mirror beam splitter; 5, objective lens; 6, prism; 7, fol~mg mtrror; 8, cross-.halr 
reticle; 9, field lens; 10, planar mirrors; 11, beam splitter, fold n:mor, lens assembly, 12, 
binocular eyepiece assembly. (Copyright© Taunton Technolog~es, Inc.) 
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EXCIMER LASER PROCEDURE 
Known risks of the procedure are explained and the informed 
consent forms are signed and witnessed.29 The patient is placed in a 
supine position on a table that allows the practitioner to move the 
patient in a X, Y, or Z direction for perfect alignment.2 The cornea is 
anesthetized locally using proparacame and a retrobulbar or 
peribulbar injection of 2% lidocaine with hyaluronidase (Wydase) 
added can be used for increased anesthesia. The patient's eye is 
viewed binocularly with the optical m1croscope and aligned with the 
laser beam axis.l 0 The patient's eye must remain immobile and 
steady throughout the procedure.l0,29,30 
A vacuum eye fixation device such as a Barraquer type limbal 
nng, Thornton type ring, or even forceps can be used to stabilize the 
eye. Once stabilized a No. 57 "hockey stick" Beaver blade is used to 
denude the epithelial area to 1 mm outside the proposed impact 
area. Once all the fragments of epithelium have been removed from 
Bowman's, the eye is aligned along the laser beam axis and the 
clinician again views the eye through the cross-hair reticle. I 0 
It IS important that during the procedure the ablative tissue 
effluent 1s removed and hydration of the cornea is maintained.31 If 
the ablated tissue is not be removed it will mask or block the 
underlying tissue from the incoming UV light. If debris piles up or 
the cornea dehydrates an uneven ablated surface will result. A 
constant humidified nitrogen gas and vacuum device for aspirating 
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the ejected debris and maintain hydration during the ablation have 
been used.2,31 ,32,33 
Once all the components and instruments are aligned the 
photoablation begins. The excimer laser uses extremely short pulses 
at a rate of 12 to 15 ns.3 1 The pulsed energy density is normally 
between 80 to 125 mJ /cm2 and the laser can produce energy as high 
as 450 mJ/cm2 .27 (It takes between 3 and 4 mJ/cm2 at 270 nm as a 
minimum irradiance level for photokerititis.)15 It takes 35 to 45 
seconds to reach an ablation depth of 30 to 40 urn. Each one of the 
pulses can remove .1-.5 urn of corneal tissue. The amount of tissue to 
be removed is programmed into the computer. Roughly the formula 
for amount of tissue to be removed is:2 
Thickness of = Refractive changeCD) X (llameter of ablative wne (mm))2 
tissue removed (urn) 3 
As the amount of correction needed IS increased a 
corresponding increase in depth of the excised tissue and an increase 
in the amount of diameter is needed. The figure on the following 
page indicates the amount of tissue to be ablated based on diameter 
of excision and correction needed.l 0,15 
When the ablative depth has been reached a photograph for 
documentation IS taken and a balanced salt solution is placed on the 
ablated area. A prophylactic erythromycin ointment is placed in the 
conjunctival cul de sac and the upper lid is brought down over the 
cornea and taped to the lower lid. A protective eye pad is placed 
over the eye and the patient is instructed to return to the clinic for 
scheduled follow up visits.l 0 
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Fig. 24-17. Maximum depth of a cut calculated from an equation for myopic correction. 
Each line represents the depth of the cut on the optical axis for a given-size treatment 
zone. (From Munnerlyn CR, Koons SJ, and Marshall J: J Cataract Refract Surg 14:46, 
1988.) 
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POST -OPERATIVE RESULTS 
The goal of the excimer laser technique is to selectively remove 
tissue and maintain a healthy cornea. Any laser intervention can lead 
to complications or ocular damage. Trials first utilized rabbits then 
monkeys and then the Food and Drug Administration (FDA) approved 
the use on human eyes. Blind eyes scheduled for enucleation were 
the first human trials, then partially sighted eyes and now sighted 
eyes are being treated. 
Complications from the vanous ophthalmic lasers are listed m 
the following table. I 0 
Table 25-1. Complications of ophthalmic lasers 
. -
Iris Lens Vitreous Retina Optic nerve 
Corneal. Nerve Nerve 
opacifi- Hemor- Rup- Opacifi- Rup· Opacifi- Contrac- Hemor- Rup- layer Neu- fiber Isch-
Laser cation rhage ture cation ture cation ture rhage ture damage ritis damage emia 
Argon X X X X X X X X X X X X X 
Krypton X X X X X X X X :!: X :!: :!: 
Frequency- X X X X X X X X X X X X X 
doubled 
Nd:YAG 
Dye X X X X X X X X X X X X X 
CO, X 
ND:YAG X X X X X X X X X X 
pulsed 
ON X X X X X X X X X X X X X 
Excimer 
193 nm X 
308 nm X X X X X X X X X X 
Once the corneal epithelium is removed the ablation begins 
with Bowman's membrane. Bowman's membrane IS a delicate 
membrane and if disrupted can scar and lead to visual loss. The 
epithelium will migrate over the excised area. If there are any 
defects m the epithelial migration, corneal irregularities such as 
corneal erosiOn are possible. Another possible complication which 
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can occur IS a bulge in the anterior corneal surface due to the 
thinning. The epithelial layer could also proliferate resulting in 
hyperplasia and negating the ablative effects.ll 
The studies in the United States are under the control of the 
FDA and have progressed to trials which treat sighted healthy human 
eyes. The general public may be eligible for the procedure by 1993 
or 1994.34 
There has been an extensive amount of research, testing and 
data for this procedure. Areas studied are haze, intraocular 
pressure, refraction 
Some similarities 
and visual acuity, and subjective symptoms. 
exist between animal and human corneas. 
Monkey's corneas are similar to humans. All none primates, such as 
the rabbit, lack a Bowmans membrane or layer.3 2 
Haze 
Haze is a mam concern and is present in most corneas as a 
subepithelial haze. The fibrilliar haze intensifies with the depth of 
the excision made.3 0 Most researchers believe that by ablating no 
further than 50 or 60 urn into the stroma a reduction in the amount 
of haze occurs.l ,6,35 Anything greater then 100 urn will cause 
significant collagen remodeling in the anterior stroma.l Haze can 
range from minimal to moderate and the subepithelial haze occuring 
m 2-4 weeks is present constantly_30,31 
During the ablation process the effluent tissue that is not 
vacuumed off is scattered over the wound site. This effluence forms 
a thin electron dense layer, usually referred to as a 
pseudomembrane which is 100 to 500 nm thick, over the wound 
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bed. 3 3 The pseudomembrane may then act as a template or 
basement membrane substitute until the epithelial cells again lay 
down their basement membrane. The pseudomembrane promotes a 
smooth layer and a rapid reepithelialization.6,33,34,36 
The epithelial layer from the untouched corneal epithelium 
migrates over the ablated surface. This is usually completed within 
24 to 48 hours.9 During epithelial healing a hyperplastic response can 
occur and is more pronounced in the periphery of hyperopic 
ablations. 6 The normal number of epithelial layers are increased to 
10 to 20.1,36 
The synthesis of type VII collagen, which is a major part of the 
anchoring fibrils, is evident by seven days. A nearly continuous 
anchoring fibril zone IS present by 12 weeks. The stromal fibroblasts 
respond to a wound by expressing a fetal antigen for approximately 
six weeks. The fetal antigen is expressed whenever there is stromal 
penetration. The healing response is similar to the healing that occurs 
after a corneal ulcer. 3 7 
The epithelium must adhere tightly to the underlying stroma. 
By usmg anchoring fibrils, hemidesmosomes and a basement 
membrane the epithelium remains intact.3 6,3 7 As epithelium 
resynthesizes its adhesive structures the new stromal cells also are 
proliferating and the epithelial attachments can be broken as new 
stromal cells move up to the epithelial border. This can cause a 
collagen scar to form beneath the epithelium_36,3 8 The collagen scar 
or haze results from the fibers having larger diameters and greater 
interfiber spacing then normal.6,38 These disruptions are sometimes 
still present 18 months after the ablation occurs.3 7 
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The new basement membrane or layer is present one to two 
months after keratectomy m rabbits and three months in 
humans. 9,35,36,37 Rabbits respond more vigorously to wounds. This 
produces more scar tissue and it is found that higher vertebrates are 
slower in their wound response. The healing rate in lower animals is 
more pronounced and accelerated with greater haze and fibroblastic 
activity. 3 9 
There IS the presence of type III collagen and increased levels 
of keratan sulfates with scattered disruptions in the anchoring fibril 
zone. Type III collagen interacts with fibronectin, a component that 
provides a substrate for epithelial migration, and then copolymerizes 
with type I collagen. Type I collagen is the major component of large 
collagen fibrils and the corneal stroma. Some studies indicate that 
type III collagen is normally present in healthy corneas others 
indicate it occurs only during the healing process. Keratan sulfate is 
critical m maintaining the precise spacing of collagen fibrils. Any 
change m the keratan sulfate can influence the transparency of the 
corneal tissue) 7 
Once the stromal healing process starts the keratocytes are 
activated and participate in the remodeling of the extracellular 
matrix. Once the healing is complete they again become dormant.3 7 
Excimer laser therapy can also affect Descemet's membrane 
and the endothelium. If excisions are within 40 urn of Descemet's as 
occurs in a radial keratectomy excision or PTK an electron opaque 
haze is produced in Descemets.15 ,39 Endothelial dropout is noticed 
with high photon energy densities or if 85% of the cornea is 
ablated.22,36 This damage may be attributed to the resonance of the 
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pulse repetition frequency, the acoustic waves, or the shock waves 
caused by the ultrasonic expansions caused by the excimer laser on 
the cells .15 
Haze and collagen proliferation can be limited by intensive 
corticosteroid therapy for four to six months after the ablative 
process. Such therapy reduces the haze and thickness of the 
subepithelial collagen layer. A combination of steroids and an 
antimetabolitic, mitomycin C, have shown to be beneficial in reducing 
the amount of haze. Steroids are used cautiously due to steroid 
induced glaucoma, cataract formation and increased risk of infectious 
keratitis with reduced corneal immunity .2, 1 0 
Clincal case studies-Animals 
Refractive Status 
In refractive studies on monkeys by L'Esperance the intended 
correction was 6.0 diopters. Initial correction was 7.4 diopters and 
by one year this amount had decreased to 4.4 diopters. In the 
hyperopic group there was an initial amount of 7.3 diopters that 
again regressed to 5.2 diopters as one year.34 
McDonald and colleagues reported that low dioptric corrections 
for myopia (1.5 or 3.0 diopters) initially regressed in refractive 
status, but stabilized by 6 months on the 32 monkey eyes that were 
tested. This study also indicated that stromal haze had disappeared 
by 4 months. 6 
Subjective response 
Subjectively animals exhibited only slight discomfort) 4 
39 
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Clinical case studies-Humans 
Haze 
In McDonald's study of 9 blind or poorly sighted eyes it was 
found that at six months two-thirds exhibited mild reticular haze 
although not significant enough to affect retinoscopy. All eyes were 
reepithelizied within 60 to 72 hours. 6 
Seiler and co-workers ablated 10 blind and 13 sighted eyes 
(anisometropic or amblyopic) and at 6 months only 1 eye had 
clinical significant subepithelial haze. It was noted that when 
intensive topical steroid therapy was discontinued a large increase in 
haze occurred and the refractive status shifted within days becoming 
more myopic by 0.5 to 1.0 diopters. 6 
Zabel and colleagues ablated 6 highly myopic patients. The 
patients were under an aggressive steroid therapy for the first week 
and then a slow taper thereafter. There was haze increase and 
regression to myopic refractive status whenever steroids where 
discontinued. 6 
Intraocular Pressure 
Whenever corticosteroids are used constantly over time there 
IS an increased chance of side effects; one being an increase in 
intraocular pressure.40 
Steroids decrease the efficiency of the aqueous outflow 
mechanism in either the trabecular meshwork or the endothelial 
vacuoles. The greatest risk for developing an lOP increase is in the 
first 4 to 6 weeks of therapy, but it can develop several months after 
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therapy begins. If steroids cause a concern the concentration can be 
decreased or a change to medrysone or fluorometholone may be 
beneficial. 40 
In Seiler's study of 255 eyes the lOP levels at one month 
indicated 24% had an increase of 5 mmHg or more and 3.1% had an 
increase in lOP of over 30 mmHg. If the lOP was elevated 5 mmHg 
or greater the patient was given beta blockers and the steroid 
amount decreased. In only one case were miotics required for four 
weeks. The same patients who were steroid responders also had 
fluctuating refractive statis and increased subepithelial haze.3 0 
Refraction and Visual Acuity 
In the study conducted by McDonald and colleagues on 9 
human eyes with corrections of 2.75 to 11.00 diopters of myopia, 
there was a slight overcorrection at 1 month and a rapid regression 
over the next 2. The higher the amount of correction attempted the 
greater the amount of regression. 6 
Seiler and colleagues treated 23 eyes and found at 6 months 
92% were within 1 diopter of refractive endpoint and none lost lines 
of best corrected visual acuity. This indicates better short term 
results than those reported in the PERK study. The hyperopic 
ablations were also within 80% of refractive endpoint after two 
months.6 
The Zabel et al study with 6 highly myopic patients indicated 
that five eyes were 20/20 after 12 weeks. Four of the patients had 
less then one diopter of refractive error and one was within 3 
diopters after the procedure. 6 
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Toric ablations for the correction of astigmatism also show 
promise. In the study by McDonnell and colleagues on 4 eyes with 
between 12.00 and 5.50 diopters of astigmatism there was a mean 
correction of 83% + 17% of targeted correction.l4,29 
In McDonald's study of 19 sighted eyes a mean refractive error 
correction of 5.50 diopters was achieved. This is similar to the range 
of RK. Only 63% of patients were within 2.0 diopters of intended 
refraction three months postablation. Also only 69% were within one 
Snellen line of their previous best corrected Snellen acuity.14 
Subjective symptoms 
Common patient complaints are pam, glare, and halos. 
The excimer laser uses UV light and even with proper 
analgesics patients do experience some discomfort. The discomfort 
experienced can range from mild to moderate pain. The pain 
subsides as the epithelial healing is completed, which ranges from 24 
to 48 hours.9,30 The pain is not severe, yet PRK and PTK are generally 
more painful then RK.9 
Glare is another complaint. Most PRK ablations are smaller to 
decrease tissue ablation depth, yet this increases glare when pupils 
are dilated such as for night driving. As the pupil enlarges more of 
the border of the ablation will be noticed. There have been cases of 
misalignment of visual axis because the patient's eye moves slightly 
or the ablation is not perfectly on center.2 7 
Halos are also common. In Seiler's study halos were reported 
by 72% of patients at three months. This number decreased to 48% 
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at six months. Still noted though was night driving halos. By 9 
months 18 out of 53 could still detect halos.3 0 
The use of ice packs, peribulbar or retrobulbar anesthesia, 
narcotics, cycloplegics, and disposable soft contact lenses may 
increase patient comfort.9 
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PHOTOTHERAPEUTIC KERATECTOMY 
In PTK the excimer laser can be used to smooth the corneal 
surface in the same way as a trepine or metal blade is used. The 
laser has been used in treating infectious keratitis and certain 
degenerative diseases. Most healing responses of the cornea are 
similar to those which occur in PRK.41 
Microorganisms 
PTK works on the absorptivity of the microorganism's chemical 
makeup which is similar to normal human cells. The excimer laser 
ablates the organism along with surrounding corneal tissue. In 1985 
the microorganism Candida keratis was successfully treated with the 
excimer .7 The first human PTK was in 1986 for a Salzmann nodular 
dystrophy .1 
For infectious keratitis the exc1mer has been used on the 
microbial orgamsms Serratia marcescens, Pseudomonas aeruginosa, 
Staphylococcus aureus, Streptococcus faecalis, Haemophilus 
influenzae, Candida albicans, and Aspergillus niger. These organisms 
were platted on appropriate media and left to incubate a period of 
36 hours at 370 C. The effect of the ArF excimer laser at 193 nm was 
to destroy all cultures with no viability remaining. 7 
In the animal model a study with Fusarium (septate fungal) 
and Mycobacterium fortuitum (atypical mycobacterial) indicated that 
shallow infections could be treated with PTK. 7 However the more 
advanced cases could not be irradicated totally due to the deep 
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penetration of the organism into the stroma requiring a too deep 
ablation to remove all organisms. The study indicated that early 
treatment of superficial corneal infections might be controlled with 
excimer laser. The excimer laser would be most beneficial in 
microbial organisms resistant to modern pharmaceuticals or in cases 
where pharmaceuticals are also toxic to the eye. 8 
Degenerative disease or opacity removal 
Another area in which the excimer laser shows great promise is 
m the removal of corneal scars and treatment of anterior corneal 
dystrophies. Conditions that have been removed include: corneal 
scars less then 250 urn deep in stroma, corneal opacifications and 
surface irregularities resulting from anterior corneal dystrophies, 
band keratopathy, posttraumatic lesions, pterygiums, inactive herpes 
simplex scars, recurrent corneal erosions, Salzmann degenerations 
and postinfectious leukomas. 8,9 
In a study by Sher and collegues 33 patients with varying 
corneal opacities and conditions were treated. Approximately one-
half of patients had improved visual acuity of two lines or better. 
The data is shown on pages 46 and 47.9 
The aspect that is important in PTK Is that it can -effectively 
ablate a very small area and only affects the irregular tissue. In PRK 
a uniform beam ablates a uniform tissue. In PTK the beam is 
uniform but it must selectively ablate only the irregular tissue. The 
beam ablates only the tops of the irregularities and leaves the 
troughs until a smooth surfaceis left. This is where a masking fluid is 
benificial in PTK.41 
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Patient Age, Source Preoperative 
. Site No. y ot Scar Refraction, dlopters 
6 1 Sand keratopathy, + 14.00 sphere 
failed graft 
2 52 Po:stintectious scar NA 
3 69 +0.50 + 1.00 X t3 
4 68 P1eryg1um I corneal + 1. 00 + 7.00 X 50 
scarrinQ 
5 80 Pteryg1um +3.00 + 6.00 X 65 
2 6 85 Postintectious - 1.25 sphere 
2 10 60 Granular dystrophy -2.50 + 0 .50 X t75 
2 15 43 -3.25 + 4.50 X 82 
2 16 61 -4.25 sphere 
2 17 31 -7.00 + 2.50 X tOO 
3 21 68 -0.75 + 0.25 X 30 
degeneration 
3 22 50 +0.50 + 1.75 X 155 
3 23 24 +3.50 + 0.50 X 145 
3 24 75 +10.50+0.75X 180 
crystalline 
3 25 90 +9 .50 + 2.75 X 08 
26 74 
NA 1ndicarea nor available. 
tHI\.1 indicates hand motions: and CF, counting lingers. 
;Smoothing Indicates that tne eye was moved in a Clfcular motion under lhe excimflr beam. 
§Combined indicates myopia followaa by hyperopiC ablation. 
ll11.1athylcelluloa8 waa used as a modulator to smooth the surface. 
46 
201200 60 
20/30 Smoothing 
20 / 40 Smoothing 
CF4 Smoothing 
20 / 400 80 
so 
20 130 30 
20/40 50 
201100 40 
20/200 40 
20 150 50 
20 1400 125 
201200 150 
20/400 50 
Table 1. 
Ablation Epithell-
Characteristic Remov..n 
Variable aperture No 
Myopic No 
2·mm aperture No 
No 
Myopic. variable No 
aperture 
Combined Yes 
YH 
Combined Yea 
Combined Yo& 
Combined 
Myopic Yoo 
Myopic 
Combined y .. 
Combined v .. 
Comcined ~ 
Combined ~ 
Combined 
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-Jill oata 
12-wk Visual 6-mo Vlaual 12-mo Visual 
- "'efraction, dloptera Acuity Refraction, dioptera Acuity Refraction, dloptera Acuity Com menta 
NA HM +9.25 + 4.50 X 126 HM +9.50 + 4.00 X 90 6/200 . .. 
+3.50 + 1.50 X 105 20/30 +2.00 + 2.75 X 18 20/20 +1.75 + 0.75 X 02 20/20"' Comeal transplant 
avoided 
+0.75 + 1.75 X 175 20/25 + 3 +0.50 sphere 20/25 +0 50+ 1.00 X 05 20/20 MethylcelluloseiJ 
+1.50 + 1.25 X 75 20140 NA NA + 1.50 + 1.75 X 60 20/30"' . . 
-1.50+ 2.75 X 80 20/100 +.50+ 1.00 X 165 20 130"' + .50+ 1.00 X 165 20150•' P1erygium removed 
surgically followed up 
by scar removal end 
smoothing 
+ 1.50 sphere 20/400 +3.00 sphere 20/400 +2.00 sphere 20/400 Pree><istong optic 
atrophy and catarae1 
+ 8.50 + 1.25 X 05 20150 +7.00 sphere 20/60 +5.50 sphere 20/50 Methylcellulosell 
-1.75 + 4.25 X 50 20120"' +0.25 + 1. 75 X 82 20125 +0.50 + 1.75 X 10 20125 ... 
+9.50 + 3.25 X 105 201100 +6.25 + 1.25 X 150 201200 ... .. 
NA NA -2.25 + 0 .75 X 80 20140 . . .. Consoderable 
. 
improvement in glare 
symptoms 
+4.75 + 1.25 X 165 20/80 +3.75 + 2 .00 X 160 20/80 .. .. 
+ 1.75 sphere 20/30 + 1.50 + 2.50 X 160 20/30"' .. . . ' - ... 
+2.50 + 2.50 X 180 20/80 +2.50 + 1.00 X 85 20160 
' 
.. . 
+ 1.25 + 2.50 X 180 20/200 + 1.50 + 2.50 X 05 20140 ... 
' ' . 
-0.50 + 2.00 X 90 20/25 -1.25 + 4.50 X 85 20 125 .. , ... No further erosions, 
symptoms improved 
- 1.25 + 2.50 X 115 20/60 -2.75 + 2.25 X 115 20/100 ... .. . .. 
-12.00 + 3.00 X 105 20/60 -12.00 + 6.00 X 150 20/30 . .. . . 
-• .75 + 0.75 X 175 20 125 -4.50 + 0.50 X 15 20 / 30 .. .. . .. 
_ +2 75 + 5.50 X 175 20180" 1 + 1.00 + 4.00 X 160 20160 ... Less glare 
175 + 0.75 X 180 20 / 30 -8.50 + 3.00 X 10 20 130 .. .. 
; ··· < 25 + 2.00 X 141 20 / 60 -3.75 + 1.00 X 45 201100 . . . Able to fit with contae1 
:.... lens 
~ - H 25 + 2.00 X 141 20 / 25 +7 .75 + 1.75 X 145 20 125 
·-· 
. :. No turtner comeel 
' ,;... erosions 
~. lklabie lo pertorm 201200 Underwent penetrating .. . -. ... Aniridia L keratoplasty 
~ +~oo + 1.1s x 55 20180 +9.25 + 1.00 X 55 20/80 ... .. ... ~-
t 
:;.,_ 
~7 '0 o + 2.oo x 55 20 130 + 1.00 + 2 .00 X 55 20 / 30 .. ... Able to wear contact 
~ lens 
rl.7~ + 1.75 X 70 20130 plano + 2.00 X 65 20 / 30 ... . .. Corneoscopy showed p.._ marl<ed improvement 
:'t-0 25 + 0.25 X 180 20/200 Unable to perform .. __._ , __ .. ~10Pertorm HM Unable to pertorm ... . . . Poor healing trom i preoperative surtace disease; required jr!._ tarsorrhaphy to heal ~1.25X 162 20 140 +4.00 + 1.25 X 162 20140 ' .-. . , 
~ 2.25 X 176 20/40 +0.75 + 2.50 X 163 20/30 . . .. , Comeal transplant 
~+ 100xso avoided ~+ 1 00x ao 20/40 +3.50 + 2.50 X 90 20 / 50 .. 201200 Died before 6-mo visit ... Band keratoplasty 
b-.. 
completely removed; 
resodual irregular 
~5.0XB1 astigmatism 
t 20130 +5.00 + 0 . 75 X 55 20 / 30 . , ... 
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One study examined vanous masking fluids. These fluids had 
different viscosities and surface tensions. The results indicated that 
the Tears Naturale II left the most regular tissue surfaces. Celluvis 
and Unisol left more irregularities and those corneas treated without 
a fluid had the greatest irregularity _41 
The study indicated that for a smooth PTK ablation, a fluid can 
not be too viscous or it will cover and stick to the peaks of the 
corneal irregularities, yet if it is not viscous enough it will run off the 
curvature of the cornea. The fluid also needs to be have absorbance 
for the wavelength of UV light to block the tissue below it. The 
following diagrams illustrate the masking effect that the fluids have 
on the ablation process.41 
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Fig 6.-An irregular surface ablated wilhout 
a fluid will maintain the irregular contour as 
ablation continues into the deeoer stroma. 
Fig 7. - The ideal fluid will have adequala 
absorption and moderate viscosity to result in 
ablation ot the peaks . while masking the 
vallevs. 
Fig 8. -Ablation of an irregular surlace wilh a 
very viscous fluid will be irregular due to the 
variable coating of different thicknesses of the 
fluid. 
Fig 9. - Ablation ot an irregular sunace with a 
fluid ot inadequate viscosity will fail to ade-
quately protect the valleys in which ~n~lf 
can occur. and irregularilies will perstsl as 
ablation progresses. 
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FUTURE EYE CARE INTERVENTION 
The exc1mer laser is being evaluated for use in a wide variety 
of eye care and medical procedures. Trabeculectomies are 
successfully being accomplished.42 The excimer 308 nm with a fiber 
delivery system selectively ablates lens cortex and nucleus while 
leaving the capsule intact.43 The excimer laser's usefulness in 
keratoplasty could also prove beneficial since the smooth margms 
left by the exc1s10n promotes rapid healing. 44 The excimer laser Is 
being researched in other areas of the medical field such as m 
femoral angioplasty using fiber optics.45 .46 
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CONCLUSION 
In the eye care field practitioners must review new procedures 
and techniques with an open mind to determine their usefulness in 
better caring for their patients. The studies on the excimer laser 
indicate that it can be used effectively, predictably and with limited 
side effects. 
As new data and techniques on the exc1mer laser are 
developed and tested the scope of the instrument expands. Research 
on corneal healing after the procedure has increased the knowledge 
of corneal wound response and the benefits of pharmaceutical 
intervention. 
As new technologies are used in eye health care, providers 
need to be progressive and use their training to best serve the 
patient. Professional affiliations are growing between medical schools 
and optometry schools. This allows greater understanding of training 
and limitations of both professions. As knowledge increases in the 
use of newly developed therapeutics and ocular disease 
management, patient care must remain the primary concern. 
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